The alpha diversity of different microbiotas in different niches was analyzed by 16S amplicon analysis. The Shannon index was calculated using the QIIME software pipeline. Bars and error bars represent the mean ± SD of the indicated number of samples. Specific pathogen free (SPF) mice were purchased Harlan Laboratories, Netherlands. Gnotobiotic mice with a stable defined moderately diverse microbiota (sDMDMm 2 ) were maintained at the clean mouse facility of the University of Bern. The sDMDMm2 microbiota is stable over time and consists of 12 defined bacterial species: Bacteroides I48,
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Human Feces (n=5) Supplementary Figure 2 | Mucus-bacteria immunofluorescence staining and mucus ex vivo thickness measurements in the large intestines of C57BL/6 mice with differing colonisation statuses. a, Sections of proximal colon of E. coli JM83 monocolonised mice were stained with polyclonal FITC-conjugated anti-E. coli mouse serum, polyclonal Alexa Fluor 546-conjugated anti-Muc2 antibody for mucus layer and DAPI (4',6'-diamidino-2-phenylindole). One representative image from three mice is shown.The scale bar indicates 50µm. b, Direct ex-vivo measurements of mucus thickness using a micromanipulator for the total (inner + outer layer, left panels) and inner layer of mucus (right panels) following removal of the outer mucus layer by aspiration in proximal colon segments in either germ-free, E. coli monocolonised, B. thetaiotaomicron monocolonised, ASF colonised or SPF colonised microbial hygiene statuses. Measurements were performed on five different sites per intestinal segment (n=3 individual mice per group). Unpaired t-test was performed and significance of SPF mice in relation to each of the other groups is shown as p<0.05 (*), p<0.01 (**). Colonic mucosa was isolated from E. coli-monocolonised mice. After longitudinal opening and contents removal, the section was immensed in water. A series of images were taken by 2-photon microscopy every 5µm in the Z-plane until the top of the intestinal villi. The red arrows indicate GFP-E. coli: for visualization the GFP channel has been displayed as white in the images. A schematic is shown on the bottom right to indicate the mucus structure. Supplementary Figure 5 | Microbial communities in the mucus layer and luminal contents in the large intestine of stable defined medium density microbiota (sDMDM) gnotobiotic mice. a, The microbial composition within the mucus layer and luminal content of different segments along the caecum and colon sDMDMm2 mice at both phyla (left panel) and species levels (right panel) were determined by 16S amplicon analysis. Representative bar graphs from a single analysis from different segments of the large intestine (see Supplementary Figure 4a ) are shown. b, Principal coordinates analysis on weighted (caecum) or unweighted (colon) UniFrac distances with >500 reads/sample were performed on all OTUs. Each segment had colonic mucus for analysis, but some segments lacked colonic contents. p-values to determine the statistical significance of clustering were calculated using the Adonis method. Analysis was performed using QIIME 1.8.0. [14C] N-acetylgalactosamine, and the levels of radioactivity (DPM) of colonic mucus and contents were monitored over time. The radioactivity in intestinal contents as background at each timepoint was substracted prior to DPM/gram mucus being plotted against that time point. Each dot indicates one mouse. The mucus turnover time was estimated after the 8 hour lag time before radiolabel had been incorporated into newly synthesised mucus that was released into the outer mucus layer from DPM per gram max at t=11~12h -DPM per gram min at t=7~8h . Data represent two independent experiments. b, Plasmid map of pDIGc which contains a constitutive GFP expressing element. c, Motility assay of E. coli MG1655 carrying pDIGc, motile MG1655 (positive control) and immotile MG1655 ΔflhDC mutant (negative control for motility assay). Bacteria were inoculated on a semi-solid tryptone motility agar (LB broth with 2% Bacto agar) and grown at room temperature for 18 hours. Diameters of bacterial colonies are shown in (d). e, The average track velocity (μm/second) of bacteria tumbling in PBS or in colonic mucus from GFP -E. coli colonised mice were measured using time-lapse two-photon microscopy over a time span . thetaiotaomicron; or (b) subject to the cAMP-CRP regulon 35 of E. coli as defined previously. The expression ratios of all known genes in each group are plotted. The main discoordinated genes were highlighted as entC (iron uptake, fur regulon) and fepA (iron-enterobactin transporter, fur regulon), which are also regulated by Fur as shown in Fig. 4a ; pdhR-aceEF (pyruvate dehydrogenase complex), also regulated by FNR/ArcA as shown in Fig. 4c ; SodA (superoxide dismutase, Mn) and MarR (multidrug and toxic compounds efflux regulator). The annotations for all displayed dots are documented in Supplementary Data 4. The red dotted line indicates unity of expression ratios between colonic mucus and contents. coli MG1655 carrying pDIGi were grown in non-permissive culture conditions (no IPTG) for 5.5 hours, and aliquots of bacteria at indicated time points were analysed for GFP fluorescence intensity by flow cytometry: this data was used to generate calibration cuves of division number against loss of mean fluorescence intensity. Germ-free C57BL/6 mice were colonised with a saturating dose of GFP labeled E. coli MG1655-pDIGi for 7 hours (red histogram), 9 hours (blue histogram), or 11 hours (green histogram), when both (c) colonic contents and (d) mucus were isolated and GFP-labeled bacteria were visualised by flow cytometry. Data are representative of three independent experiments. 
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